ABSTRACT. Log grade, number of knots, and log volume of the first two logs, as well as form class of the butt log, were compared across three broad sawtimber categories among even-aged plantations, even-aged natural stands, and uneven-aged natural stayMs of loblolly pine (Pinus taeda L.) in Ashley County, AR. Trees from unevenaged stands had butt logs of better log grade than even-aged plantations, particularly in the large sawtimber component where the average difference was half a log grade. Compared to even-aged natural stands, trees from uneven-aged stands had togs of comparable grade. Trees from evenaged natural stands produced butt logs of slightly better grade, but with greater taper and tess volume per log, than trees from even-aged plantations. To produce highgrade loblolly pine sawtimber in the West Gulf region, natural stand management will suffice; plantation management may require supplemental quality intervention such as artificial pruning. Under ideal application, this approach removes trees of poor quality before they become large sawlogs, thereby promoting a stand-level increase in quality of large sawtimber.
Log quality considerations in pine sawtimber from even-aged and uneven-aged silvicultural systems fall in this category. Stumpage and mill-delivered prices for pine sawtimber are not explicitly subdivided by grade (Timber Mart-South 1986) , although in weak markets high quality sawlogs will often be salable whereas low-quality sawlogs will not? Forest industries in south Arkansas that manage for sawtimber practice either evenaged or uneven-aged silviculture, and in some instances both, which indicates that sawlogs of acceptable minimum quality can be economically produced with either approach. Specific observations about log quality and comparisons among different systems more closely resemble silvicultural lore than fact.
The selection system has been reported to produce high quality southern pine timber (Reynolds 1969 , Reynolds et al. 1984 . In a study in south Arkansas, 41% of the logs harvested during the first 18 years of selection silviculture were grade 1 (according to Cros~ sett Lumber Co. log grading standards), but the proportion decreased to 35% during the subsequent 11 years (Reynolds 1959 (Reynolds , 1969 . This decline was attributed to a shift in origin of harvested trees from released virgin stock to second growth stock; the proportion of grade 1 logs was expected to increase with increasing duration of management of the second growth stand (Reynolds 1969 ). In addition, standard marking practice in selection silviculture in south Arkansas is to remove the worst trees and leave the best.
Under ideal application, this approach removes trees of poor quality before they become large sawlogs, thereby promoting a stand-level increase in quality of large sawtimber.
Plantations of southern pine are also reported to grow high quality trees. Higher stem quality was reported in plantations subject to early density control and thinning than was reported in stands in the absence of either treatment (Hughes and Kellison 1982 Despite the absence of market consideration of tree or log quality in southern pine forestry, schemes for grading logs have been in existence for decades. Using a simple knot-counting approach, Campbell (1962 Campbell ( , 1964 produced the first standard guides to grading southern pine logs and trees. He categorized defects on the tree either as degrading features, such as knots, conks, and excess sweep, or as nondegrading features, such as crook, other deductible scaled features, and the many insignificant bumps and swells on a log. In 1968, USDA Forest Service researchers produced specifications for southern pine log grades and tree grades using a much simpler clear-face grading method, the accuracy of which was verified using lumber recovery studies (Schroeder et al. 1968a (Schroeder et al. , 1968b Trees were sampled in the following manner. A rectangular grid was imposed on each stand. Grid dimensions depended on the size of the demonstration area; a two-chain grid was used in the even-aged natural stands, and a three-chain grid was used in the even-aged plantations and the uneven-aged stands. At each grid point, the nearest sawtimber-sized tree of qualifying dbh class was located and measured. If the limit for any given dbh class had been sampled, the next nearest sawtimber tree was sampled.
In the plantations and the evenaged natural stands, the oldest stands were sampled first. 
RESULTS

Distribution of Log Grade
The even-aged plantations had the lowest proportion of grade 1 logs and the highest proportion of grade 3 logs in the first log in all the sawtimber classes of the study (Table 1) . Half of the small and medium sawtimber butt logs and 25% of the large sawtimber butt logs in the plantations were grade 3. Conversely, 44% of the butt logs from the even-aged natural stands and 53% from the uneven-aged stands were of log grade 1 (Table  1) . Two-thirds of the butt logs of the large sawtimber category in the uneven-aged stands were grade 1.
Over 90% of the second logs in this study were grade 3 ( Table 1) . The proportion of grade 3 logs by sawtimber category and silvicultural system exceeded 80% in all but the large sawtimber category from the uneven-aged stands. These results reinforce the perception that the greatest quality is in the first log of the stand, regardless of size class or silvicultural system.
Log Volume
There were no differences in either the Doyle or International 1/4 in. volumes of the first log by silvicultural system in the small and medium sawtimber categories (Table 2) , nor in either measure of volume in any sawtimber category in the second log. However, trees from both the even-aged plantations and the uneven-aged stands had greater volume in the first log • Differences among means within a column by category that are followed by similar letters are not significantly different; significance of differences among means tested at P < 0.05 using Student-
Newman-Keuls mean comparison test (Norusis 1988).
than those of the even-aged natural stands in the large sawtimber category, under either log rule. When considering all trees, log volume differences by silvicultural system were not significant.
However, the Girard form class showed significant differences among trees from different silvicultural systems in each sawtimber category (Table 2) . Medium sawtimber trees in the even-aged plantations had significantly less taper than those from the other stands. In both the small and large sawtimber components, there was no difference in taper between trees from even-aged plantations and uneven-aged natural stands, but both had significantly less taper than trees from the evenaged natural stands. When considering all size classes, the even-aged plantations had significantly less taper than the uneven-aged stands, which had significantly less taper than trees from the evenaged natural stands.
Knot-based Comparisons
As expected, the mean number of knots per face in the first log increased as increasingly poorer faces were included in the average (Table 3) . Similarly, the difference among mean knots per face of the first log by sawtimber category and system became more prominent with the inclusion of increasingly poorer faces in the analysis.
To illustrate the trends in these data, comparison of the average number of knots per face based on the three best faces approximates the number of knots that affect the manufacture of lumber. In each sawtimber category, the first log of trees from the uneven-aged stands had significantly fewer knots per face than those from the even-aged plantations. In the medium sawtimber category, trees from even-aged natural stands also had a butt log with significantly fewer knots per face than trees from the plantations; in the large sawtimber component, there was no difference in knot number per face in the first log between trees from even-aged plantations and even-aged natural stands. When combining all sawtimber classes, there were significant differences in the average number of knots per butt log among each system, with the fewest knots in butt logs from uneven-aged stands and the most knots in butt logs from the even-aged plantations.
Similar trends were observed when evaluating knots based on an average of all four faces. When knots are assessed using the log grading approach, trees from uneven-aged stands had significantly better grade in the first log than even-aged plantations within each sawtimber category and across all categories (Table 4) . There was no difference in grade of the first log between trees from uneven-aged stands and trees from even-aged natural stands; trees from even-aged natural Table 3 . Knots per face in the first log, based on the best face, worst face, and on averages of the best 2, 3, and 4 faces, by size category and silvicultural system. EA PLT = even-aged plantations, EA NAT = even-aged natural stands, UEA = unevenaged natural stands. The fact that trees of a given size are older in uneven-aged stands than in even-aged stands undoubtedly contributes to the observed differences in grade. The age of the sampled trees in the uneven-aged stands in this study were not obtained. However, a diameter-age relationship from an uneven-aged stand in Bradley County, AR, on a similar site, under uneven-aged management for 40 years, and of similar stand structure was obtained4; 20 in. trees in this stand were 70 years old, roughly ten years older than the 20 in. trees in the plantations in this study.
However, for purposes of management, there is a singular lack of importance in knowing the precise age of an individual tree in an uneven-aged stand. The sustainable periodic yields that characterize a well-regulated uneven-aged stand depend less on age structure than on stand structure inferred through the diameter distribution. The fact that the age of a tree in an uneven-aged stand is likely to be greater than that of a tree of similar size in an even-aged stand implies that some age-dependent wood product parameters, such as log quality, will be concomitantly affected. Depending on the parameters of interest, forest managers or forest landowners may consider this an advantage. The regular cutting-cycle entry in an uneven-aged stand promotes 4Age = -8.18 + 3.948 * DBH; 9.6" < DBH < 31.5", R 2 = 73.3%, df = 28. a winnowing effect that ultimately may be the major determinant of improved quality in uneven-aged stands. The standard marking rule of "cut the worst and leave the best" on these demonstration research sites has promoted high quality residual trees, particularly in the large sawtimber component.
Conversely, the plantation environment is intended to promote early height growth and rapid stand-level volume production. Thinnings in plantations are probably less selective by size class, which leads to a reduced opportunity to improve quality of the bole. 
